Abstract Psidium guajava L. var. 'Lalit' is a perishable fruit with delicate skin which is prone to damage. The objective of this study was to determine the effect of edible coating made up of hydroxypropyl methyl cellulose and palm oil on ripening of guava. Coating solution was applied over fruits and coated fruits were stored at 24 ± 1°C and 65 ± 5%RH. Changes in fruit colour, texture softening, respiration rate, weight loss, ascorbic acid content, soluble solids, titrable acidity, chlorophyll content, total reducing sugars, total phenolic content were studied during post-harvest ripening. Fruits coated with 1 % of hydroxypropyl methyl cellulose and 0.3 % of palm oil showed significant delay in weight loss, fruit firmness as well as colour change (p < 0.05). Coating delayed the enzyme activities of peroxidase and polyphenol oxidase of the fruit. Results suggest that overall quality of coated fruit was maintained by edible coating formulation extending the shelf life of fruit up to 12 days with appreciable retention of all quality parameters tested.
Introduction
Guava (Psidium guajava L.) is a rich source of ascorbic acid, minerals and a very popular fruit of India. It is a tropical, climacteric fruit which is harvested while still green and transported to market. According to the Department of Agricultural Research and Education, ICAR, Government of India, in 1999-2000, guava variety 'Lalit' has been released by the CISH, Lucknow, for commercial cultivation. Its fruits are medium sized with attractive saffron-yellow colour and red blush. Its flesh is firm and pink with good blend of sugar and acid. It gives 24 % higher yield than popular variety 'Allahabad Safeda' (http://www.cishlko.org/achievements). Guava softens readily and, therefore, has a very short shelf life, which in turn makes transportation and storage difficult (Jain et al. 2003) . Storage below 10°C may cause severe chilling injury symptoms in the form of skin surface pitting and flesh browning, susceptibility to chilling injury limit the potential for its commercialization (Wang et al. 2009 ). High perishability of guava make them ideal study model to study the changes in ripening process.
Researchers have made continuous attempts to delay the softening process of detached guava by making use of different technologies; a few of them have been proven to be effective in some parameters such as texture or colour but not in others like flavour and physiological aspects. Increasing public concern regarding human health issues and environmental protection has led to increased interest in development of natural biodegradable edible coatings for maintaining postharvest quality of fruit. The use of edible coatings can increase the shelf life by creating an internally modified atmosphere that modulates fruit metabolism and moisture loss.
Cellulose is the most abundant polysaccharide on planet and its derivatives have different permeabilities to water vapour and gases and are good film formers. Hydroxypropyl methylcellulose (HPMC) is approved as direct food additive for the purpose of film former, stabilizer, thickener, and suspending agent (Baldwin 1994) . Poor moisture barrier properties of HPMC can be enhanced by incorporation of hydrophobic compounds, such as fatty acids into the cellulose ether matrix to develop a composite film (Morillon et al. 2002) . Palm oil (PO) is one of the saturated vegetable fat which is commercially used due to its lower cost and high oxidative stability (Che Man et al. 1999) . Combination of HPMC and PO in an edible composite coating can be effective in controlling ripening process of climacteric guava fruits.
Here, we report changes in chemical composition and the activities of enzymes during ripening of guava cv. Lalit. Also the changes occurring after coating fruits with edible coating formulation of HPMC were studied.
Materials and methods

Materials
Fully mature fruit of Lalit guava variety were harvested from an orchard located at Pune, India; during November 2014. Food grade HPMC was procured from Dow Chemicals, USA. Glycerol was purchased from Merck, India. Tween 80, sodium hypochlorite and gallic acid were purchased from Hi-Media, India. Edible grade PO was purchased from local store. Acetone was purchased from SD Fine Chemicals Limited, India. All chemicals used in analysis were of analytical grade. Ethylene gas standard of 91.2 % purity was purchased from Alchemie Gases Pvt. Ltd., India.
Methods
Plant material selection and pre-treatment
Fruits of similar size (59.0 ± 1.5 mm) were selected and sorted on the basis of shape (round fruits), colour (L* value-45.0 ± 2.0, a* value-10.0 ± 1.0) and absence of visual defects. They were dipped in 0.1 % sodium hypochlorite solution for 15 min, washed with deionized water and dipped in deionized water for another 10 min. Further they were surface dried and were randomly divided into two lots of 40 fruits each for coating (El Ghaouth et al. 1991) .
Edible coating formulation and application
Each component concentration was optimized in preliminary lab study and taken for the experiment. 1 % of HPMC was dissolved in distilled water and heated at 90°C for 30 min followed by 30 min of hydration at 20°C. Other components were added in the order of tween 80, PO and glycerol at concentration of 0.03, 0.3 and 0.3 % respectively in HPMC solution. The mixture was stirred on magnetic stirrer till complete mixing of components and then homogenized at 10, 000 rpm for 3 min using a shear homogenizer (Tudor Machine). Prepared stable emulsion was kept in vacuum oven at 24°C to remove air bubbles and then stored at 10°C and used within 48 h. Fruits were coated following the procedure of Ozden and Bayindirli (2002) . After coating, samples were surface dried, weighed and kept in controlled atmospheric conditions at 24 ± 1°C and 65 ± 5%RH throughout storage period.
Physical analysis
Physiological weight loss (PWL) Three fruits from coated and control lot were randomly selected and weighed at the start of the experiment every day. The differential weight loss was calculated for each day and converted into percentage by dividing the change with the initial weight recorded while storing them (Waskar et al. 2009 ).
Analysis of colour, texture and gas composition The peel colour was measured using Hunter Lab Colorimeter (Hunter Associates Laboratory, Inc., USA) with CIELab scale (L*, a*, and b*). Peel and flesh firmness was evaluated by puncture test using Texture Analyzer (TA.TX2i Stable Micro Systems) using 2 mm stainless steel cylinder probe (P/2 Probe). Fruits were enclosed in an air tight glass container and gases were concentrated for 1 h. CO 2 and O 2 gases accumulated in headspace were estimated using gas analyzer (CheckMate 9900, PBI Dansensor) (Gontard et al. 1996) . Ethylene released by fruits was measured using Gas chromatography (Agilent Technologies 7820 A) with FID detector using a 3.2 mm × 44 cm stainless steel column packed with Poropak Q 80/100. Inlet temperature, oven temperature and detector temperature was kept at 200, 40 and 250°C respectively. Hydrogen, air and nitrogen flow was kept as 50, 300 and 25 ml/min.
Chemical analysis
Total soluble solids (TSS) and titrable acidity (TA) Ten grams fruits devoid of seeds were crushed in a blender by adding 90 ml distilled water and then filtered through cheese cloth. An aliquot of 20 ml was titrated against 0.1 N NaOH, the titrable acidity was expressed as percentage malic acid (Antoniali et al. 2007 ).
Total chlorophyll content and lycopene content Guava peels were extracted for chlorophyll in a mortar pestle to a fine pulp with the addition of 20 ml of 80 % acetone. Absorbance was taken at 645 and 663 nm (Salunkhe et al. 1991) . Lycopene from pulp was extracted in hexane and absorbance of the extract was measured at 503 nm following the method of Kong and Ismail (2011) .
Total phenolic content One gram of sample (fresh pulp) was extracted in 10 ml, 80 % methanol and sonicated in ice for 1 min using a probe sonicator. Samples were then centrifuged at 3000 rpm at 4°C for 15 min. Procedure was repeated twice and supernatant was pooled together to a final volume of 25 ml. Total phenolic content was estimated (Wolfe et al. 2003) using Gallic acid as a standard.
Total reducing sugars, total fructose and ascorbic acid content Total reducing sugars were extracted using hot alcoholic extraction and estimated using well known DNSA method (Miller 1972) . Total fructose content of extract was estimated using resorcinol method (Ashwell 1957) . Vitamin C was extracted from fresh pulp in oxalic acid and estimated using colorimetric assay involving a reduction reaction with ammonium molybdate (Bajaj and Kaur 1981) .
Enzyme dynamics of peroxidase (POD) and polyphenol oxidase (PPO)
Whole fruit pulp devoid of seed was stirred in 50 mM sodium acetate buffer (pH 5.5) (1:2 w/v) containing 2 mM EDTA, 1 mM MgCl 2 and 0.1 % triton for 180 min in ice bath. Solution was then centrifuged at 10,000 rpm 4°C for 30 min and supernatant used as crude extract for PPO and POD (Aydin and Kadioglu 2001) . One unit activity of PPO was defined as change in absorbance of 0.001 units (at 420 nm) per minute (Gawlikdziki et al. 2007 ). POD activity was estimated using method of Ciou et al. (2011) . One unit of POD activity is defined as change in absorbance of 0.001 units (at 475 nm) per minute.
Statistical analysis
All the experiments were conducted in triplicates. The data was subjected to analysis of variance (ANOVA) and Duncan's multiple range tests were used to compare differences between treatments at the 95 % confidence level of each variable using a computer software IBM SPSS statistics 20.
Results and discussion
HPMC-PO coating was well taken up by guava fruits giving a lustrous appearance to fruits. Coating was non-sticky, nonsmelly after complete drying of coat. Control fruit could only survive till day 9, on day 12 control fruit showed complete loss of tissue firmness and skin darkening rendering it with no value and hence not studied.
Physical analysis of fruits
Coating proved its effectiveness on day 1 itself which can be deduced from the observation that physiological weight loss of control fruit sample (3.69 ± 1.39 %) was more as compared with coated sample (1.94 ± 0.30 %) on day 1. Figure 1a details physiological weight loss of control and coated fruits during the storage period. Weight loss of 16.03 ± 1.05 % was observed in control fruit on day 6 whereas significantly similar weight loss (16.65 ± 2.08 %) was observed in coated fruit on day 9. Composite coating having hydrophobic particle in hydrophilic matrix gives water-soluble coating with good water vapour barrier properties (Baldwin 1994) . Results showed that edible coating controlled the physiological weight loss of guavas. Results are similar to various other research done with coating using lipid and HPMC (Hagenmaier and Shaw 1990) , methyl cellulose (MC) and lipid (Greener and Fennema 1989) , MC and fatty acid (Sapru and Labuza 1994) .
Skin brightness (L* value) increased more gradually in case of coated guava fruits (Table 1) . Soares et al. (2007) showed that for white guava fruits the green colour decreased along with the decrease of chlorophyll level and yellow colour increased with the increase of carotenoid level. In the present study L value of 60.81 ± 4.18 was observed for control fruit on day 6 whereas similar value of 60.86 ± 6.29 was observed in coated fruit on day 12 of storage. The loss of green colour and increase of yellow colour is evidenced by the increase of chroma values from 35.99 ± 5.09 to 50.82 ± 2.34 in control fruit. Coated fruit showed the same trend but the process of colour change was significantly (p < 0.05) delayed by edible coating. Pink colouration in the skin was visible on day 6 in control fruit and on day 9 in case of coated fruit which can be confirmed from the positive a* values (Table 1 ). In case of fruit flesh brightness decreased with increase in red colour of flesh. L value of 43.27 ± 0.55 was observed on day 6 in control fruits whereas L value of 43.62 ± 0.56 was observed on day 9 in coated fruits.
Skin firmness decreased very rapidly in case of control fruits as compared to coated fruits. Skin firmness on day 0 was 8.34 ± 0.15 N and 8.43 ± 0.13 N for control and coated fruits which eventually decreased. Skin firmness on day 6 was 5.42 ± 0.10 N and 6.36 ± 0.15 N for control and coated sample respectively (Fig. 1b) . Flesh firmness of control fruit was 1.88 ± 0.44 N on day 6 whereas coated fruit showed flesh firmness of 1.60 ± 0.18 N on day 12. Edible coating of HPMC-PO maintained the fruit firmness of guava for 12 days. These results corroborate with the findings of Pandey et al. (2010) who studied influence of gamma-irradiation, growth retardants and coatings on the shelf life of winter guava fruits.
Effects of edible coatings on respiratory gases released by guava in headspace during storage was studied. Respiratory peak was observed on day 9 of storage in all fruits with 10.00 ± 0.16, 10.34 ± 0.00 mmol/g.hr. of CO 2 release and 18.16 ± 0.00, 25.29 ± 0.36 mmol/g.hr. of O 2 uptake in control and coated fruits respectively. HPMC-PO coated fruit respired at lower rate (Fig. 1c) . Coatings provided an excellent semipermeable film around the fruit, modifying the internal atmosphere. Ethylene release by fruits gradually increased till day 3 in case of control fruit and till day 6 for coated fruit, which eventually decreased after that (Fig. 1d) . Ethylene release in control fruit on day 3 was 0.50 ± 0.06 nmol/g.hr and that of coated fruit on day 6 was 0.95 ± 0.01 nmol/g.hr. The delayed increase in ethylene production of HPMC-PO coated fruit as compared to the control fruit suggests that edible coating exerted a barrier to the gaseous exchange. The delayed ethylene production can be correlated with delayed senescence ) and a reduced susceptibility to decay ).
Chemical analysis of fruits
TSS of control and coated fruit sample increased during the storage (Fig. 2a) . Initial TSS of both control and coated fruit on day 1 was 12.35 ± 0.00°Brix, which eventually increased to highest of 23.35 ± 0.00°Brix on day 6 in case of control fruit and on day 9 of storage for coated fruits. The increase in TSS can be because of moisture loss by the fruits and conversion of organic acids to sugars (Gorny and Kader 1998) .
Edible coating could delay the increase in TSS to 9th day and maintain the TSS content till 12th day of storage. Ascorbic acid, citric acid, tartaric acid and malic acid are the principle organic acids produced in guava during ripening (Mahmood et al. 2012) . While acidity usually tends to decrease during fruit ripening of several fruits, increase in TA has been reported in few varieties of guava (Bashir and AbuGoukh, 2003; Mahmood et al. 2012) . Similar results were obtained from present study, TA of both coated and uncoated guava fruit increased as a function of ripening. However, in coated fruit, the increase in TA was suppressed possibly due to reduction in the respiration rate. TA of 0.87 ± 0.01 % of control fruit on day 6 was comparable to 0.89 ± 0.02 % of coated fruit observed on day 9 (Fig. 2b) . Results show that edible coating delayed the TA changes in the guava fruit.
Chlorophyll content decreased while carotenoid content increased during ripening as reported in guava fruits cv. Banarsi Surkha (Jain et al. 2003) . In the present study, total chlorophyll content of skin decreased as the fruit ripened and attained an edible appeal. In case of control fruits 231.18 ± 6.46 mg/g, fresh weight of total chlorophyll value reduced rapidly to 71.77 ± 3.77 mg/g, fresh weight on day 3 itself and then it showed insignificant gradual decrease. Coated fruit on other hand showed slow decrease in total chlorophyll content which reduced from 201.17 ± 8.60 mg/ Note: Data represents the mean ± SD of three replicates Mean among each set of data labelled by the same letter are not significantly different (p< 0.05) by Duncan's multiple range test Fig. 1 Changes in a physiological weight loss b fruit firmness c O 2 consumption and CO 2 release and d ethylene release in Lalit guava fruits stored at 24 ± 1°C and 65 ± 5%RH for coated and control samples g, fresh weight on day 1 to 80.30 ± 1.37 mg/g, fresh weight on day 9 (Fig. 2c) . Total lycopene content, a characteristic of pink guava increased eventually in both control and coated fruits. Highest content of lycopene of 0.69 ± 0.10 mg/g, fresh weight was observed on day 9 for control fruit whereas similar highest value of 0.65 ± 0.03 mg/g, fresh weight was seen in case of coated fruit 3 days later i.e., on 12th day of storage (Fig. 2d) . Results indicate that the edible coating can delay the degradation of chlorophyll and carotenoid synthesis as also demonstrated by Chitravathi et al. (2014) .
Total reducing sugars on day 1 of storage was 48.73 ± 0.97 and 46.96 ± 0.94 mg/g, fresh weight for control and coated fruit, respectively. Total reducing sugars in control fruit reached a highest value (55.37 ± 1.11 mg/g, fresh weight) on day 3 and then it decreased to 49.42 ± 0.99 mg/g, fresh weight on day 9 (Fig. 3a) . Highest total reducing sugars (55.20 ± 1.10 mg/g, fresh weight) were estimated on day 6 for coated fruit which decreased thereafter. Fructose comprising a substantial part of total reducing sugars showed similar changes during ripening of coated and control fruits (Fig. 3b) . Fructose concentration was highest on day 6, viz.48.21 ± 2.08 and 44.27 ± 0.85 mg/g, fresh weight for control and coated fruits respectively. Edible coating delayed overall process of synthesis and degradation of total reducing sugars. Changes in fructose content of coated fruit was similar that of coated fruit but changes were slow and insignificant.
Decrease in phenolic content with increase in softness is reported in pink guava by Bashir and Abu-Goukh (2003) . In our studies total phenolic contents increased in both control and coated guava fruits (Fig. 3c) . Concentrations of 1.14 ± 0.20 and 1.44 ± 0.03 mg/g, fresh weight was obtained on day 9 and day 12 of studies for control and coated guava fruits, respectively. Increase in phenolic contents may be related to increased antioxidant activity (Nadeesha et al. 2007 ). Ascorbic acid concentration increased during the storage of Lalit guava fruit in both control and coated samples (Fig. 3d) . Increase in ascorbic acid levels during the ripening of guava was also verified by other authors (El-Bulk et al. 1997; Mercado-Silva et al. 1998) . The level of ascorbic acid can vary with genotypic differences, pre-harvest climatic conditions, maturity and postharvest handling procedures (Chitravathi et al. 2014) . Ascorbic acid concentration was 5.10 ± 0.09 mg/g, fresh weight on 9th day of storage in control samples whereas 4.02 ± 0.02 mg/g, fresh weight in coated samples on 12th day of storage. The synthesis of ascorbic acid was delayed due to coating but coated fruit failed to achieve the ascorbic acid content as that of the control fruit.
Enzyme dynamics of POD and PPO
POD specific activity on day 1 shows difference in case of control and coated fruits. Increased activity on day 1 may be due to handling and processing during coating procedure. The activity further increased in control fruit to a highest of 44.89 ± 3.08 U/mg proteins, fresh weight on day 3 and then decreased thereafter (Fig. 3a) . Such increase in case of coated fruit was observed on day 9 showing an activity of 35.86 ± 1.17 U/mg proteins, fresh weight. Specific activity of PPO was low in initial days of storage. Control fruits showed highest activity on day 6 whereas coated fruits showed the increased activity on day 9 (Fig. 4b) . Activity in coated fruits on day 9 is nearly double the activity of control fruit activity on day 6. Postharvest browning of fruit pericarp is a major problem, resulting in lowered shelf life and reduced commercial value of the fruits. The browning was generally thought to be a rapid degradation of phenolic compounds caused by PPO and POD (Zhang et al. 2005) . Changes in specific activity of POD are similar to observations on tomato (Andrews et al. 2004 ) and papaya (Silva et al. 1990 ) in which these activities were low at greenish stage, increased during ripening and then gradually fell as the fruit turned to over ripe stage. PPO activity within fruit has been observed in many other fruits, and has been correlated with the spatial occurrence of browning (Underhill and Critchley 1995) . HPMC-PO coating delayed the activities of POD and PPO.
Note: Data represents the mean ± SD of three replicates Mean among each set of data labelled by the same letter are not significantly different (p< 0.05) by Duncan's multiple range test Fig. 4 Changes in a POD and b PPO activity in Lalit guava fruits stored at 24 ± 1°C and 65 ± 5%RH for coated and control samples Conclusion 'Lalit' guava variety is not much studied fruit. The physicochemical and physiological changes of fruits were evaluated for 12 days of storage. Edible coating made up of HPMC and PO showed significant delay in post-harvest changes occurring in guava fruit, when fruits were stored at 24 ± 1°C and 65 ± 5%RH. Fruits coated with 1 % of HPMC and 0.3 % of PO showed decreased weight loss, retention of fruit firmness as well as slower colour change. Edible coating formulation also affected the physiology of the fruit showing slower increase in total reducing sugars and ascorbic acid content. Coating delayed the PPO and POD enzyme activities of the fruit. Overall quality of coated fruit was maintained by edible coating formulation extending the shelf life of fruit up to 12 days as compared to that of 9 days of uncoated fruit.
